abstract -Background: From a neuropsychological point of view calculation is a very complex function. A simple arithmetic operation demands many neurocognitive mechanisms that involve verbal, spatial and graphical processing, memory and attention. Objective: To verify the calculation and number processing of healthy subjects and the effect of gender, age and schooling on their performance. Method: Forty-four normal subjects without complaints or neurological changes were evaluated. Results: The educational level was significantly linked to performance in the majority of tests of the EC 301 battery, whereas no differences were noted regarding age and gender. Conclusion: Evaluation of the data of the healthy population shown in this study indicated that educational level can affect calculation and number processing, It is possible to note that battery EC 301 demonstrated sensitivity for appraisal of these abilities and therefore can be employed for clinical assessment in calculation and number disorders.
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The ability to calculate is an extremely complex cognitive procedure. It consists of multifactorial processes, including verbal and spatial abilities, memory and executive functions 1 . realization of mathematical calculations can be impaired in cases of cerebral dysfunction and/or injuries [2] [3] [4] [5] [6] as well as in dementias 7, 8 . The loss of the ability to perform calculation tasks resulting from a cerebral pathology is known as acalculia or acquired dyscalculia. Acalculia has been defined as an acquired disturbance in computational ability. The developmental defect in the acquisition of numerical abilities, on the other hand, is usually referred to as developmental dyscalculia (dd) or dyscalculia 9, 10 . Acalculia is frequently mentioned in neurological and neuropsychological clinical reports, but specific research directed to the analysis of acalculia is rather limited. The lesions in the areas of language in the left cerebral hemisphere produce alterations in comprehension and in the production of numbers, and therefore in carrying out the arithmetical operations 11 . on the contrary, the lesions in the right cerebral hemisphere cause alterations in spatial organization of quantities and in comprehension and achievement of abstract problems 1, 4 . The cortical areas in patients with brain injury that have been studied by neural-imaging and the results accepted in the literature have shown that areas of the parietal lobe with involvement of the temporal areas and intraparietal sulcus, can be more susceptible to cause isolated mathematical changes 12, 13 . however, broad cortical injuries that also involve regions proximal to the left temporal cortex, left and right parietal and frontal lobe, are susceptible to conduct concomitant language disorders and numerical and calculating processing [13] [14] [15] [16] . Mathematical calculation exists in many everyday activities. Calculation ability under normal circumstances requires not only the comprehension of numerical concepts, but also that of conceptual abilities and other cognitive skills. In the neuropsychological domain, however, just a few research has been carried out to explore the relationship between mathematical test performance and performance of other cognitive tests 1 . Considering these perspectives, in countries such as Brazil, with a broad socio-cultural diversity, cognitive tasks should always be investigated in the healthy population since factors such as gender, schooling and age can affect cognitive performance on other cognitive tests 17, 18 . Few neuropsychological studies have taken into account the question of calculation abilities in the general population. Intuitive observation points to a significant dispersion of arithmetical abilities in healthy subjects. Usually, however, it is assumed that any normal person should be able to use onedigit multiplication tables, to use the four basic arithmetical operations, to solve simple arithmetical problems, to memorize seven digits after a single presentation, and to use diverse numerical information in everyday life 19 . Nonetheless, normative studies are scarce.
The EC 301 battery was developed in 1994 by deloche et al. 17 for evaluation of adults with impairment of calculation and number processing after brain damage. To obtain populational data, the battery was initially applied to 180 subjects, grouped by schooling, gender and age. The analysis of error rates indicated the effect of some demographic factors, particularly education, since subjects with less schooling exhibited poorer performance in counting tests, transcodification, written verbal numbers, comparisons of magnitude, and subtests of arithmetic operations. Incidentally, in total mental calculations 20, 21 , males performed better in Arabic numbers and counting. Age did not influence the groups studied 17 . Considering that variables i.e., gender, age and education could have an impact on the calculations, the objective of this study was to verify their effect on the performance of healthy Brazilian individuals, in calculation and number processing. This is a pilot study presenting a profile of Brazilian adults on the EC 301 battery.
method
All data was collected after approval of the study by the Ethics and research Committee of the UNIFEsP (file no. 0346/04) written informed consent was obtained from all enrolled subjects, subsequent to receiving full information about the study.
Subjects
Forty-four volunteers were selected (74% female). Average education was 8.5±4.1 years and age, was 40.6±16.0 years regarding education, the participants were divided by years and schooling. Four groups were formed: 1-5 years with 14 participants, 6-8 years, 12 participants, 9-12. years 11 participants and more than 12 years of schooling with 7 participants. Based on age, the participants were divided into 2 groups, the elderly group consisting of those over 60 and the young group between 18 and 59 years including 38 young subjects.
Inclusion criteria were subjects without language, calculation or memory problems, over 18 years of age and a minimum of one year's schooling. Excluded were participants with a diagnosis or history of auditory, psychiatric and/or neurological problems, such as epilepsy, stroke, traumatic brain injury with more than 15 minutes loss of conscience, or psychotropic drug users. The participants were submitted to the 31 subtests composing the EC 301 battery for evaluation of calculation and number processing, developed by deloche 17 .
Procedure
The tests were applied in a quiet room, over one or two sessions, on different days, and lasted about an hour each, respecting the individual limits of each participant. There was no time limit for executing the tasks. Paper and pencil were utilized for the tests and only one person applied the tests to all the individuals.
Material
The EC301 battery was applied. The EC301 calculation battery consists of 13 different tasks, some of which include subtasks:
1. Counting (3 subtasks, C1, C2, C3). The subject must use different codes (phonological, Arabic, and orthographic) to produce a somewhat automatic sequence of numbers, backwards and forwards, according to different ratios (by one, by three, by ten).
2. dot counting (5 subtasks, C4, C5, C6, C7, C8). This task evaluates the capacity to compute the cardinality of a set of discrete elements (dots) with different spatial arrangements. The subject is required to point to the dots while counting aloud.
3. Transcoding (7 subtasks C9, C10, C11, C12, C13, C14, C15). These subtasks correspond to the six possible transcodifications between the phonological, the Arabic, and the orthographic codes, and number repetition. Items were selected so as to make their lexico-syntactical structure directly comparable from one subtask to another.
4. Arithmetical signs (2 subtasks, C16, C17). The subject is required to name the arithmetical signs and to write them as dictated.
5. Number comparison (2 subtasks, C18, C19). The subject is required to point to the greater of two numbers, presented both in the Arabic (8 items) or in the orthographic form (8 items).
6. Mental computation (2 subtasks, C20, C21). This task evaluates mental calculation requiring the subject to access knowledge of number facts, and to perform simple operations.
7. Estimation of the result of an operation (1 subtask, C22). subjects have to point to the best approximation (among four alternatives) of the correct result of a complex operation.
8. Number positioning on an analogical scale (2 subtasks, C23, C24). A vertical line graded from 0 to 100 is shown to the subject who must place a spoken or a written Arabic number on the line, choosing among one of three possible positions.
9. writing down an operation (1 subtask, C25). The subject is requested to copy a pair of two-or three digit numbers, placing them in the conventional way for the written operation, corresponding to a given arithmetical sign.
10. written calculation (3 subtasks, C26, C27, C28). This task tests the subject' s ability to perform sums, subtractions and mul- C1  C2  C3  C4  C5  C6  C7  C8  C9  C10  C11  C12  C13  C14  C15  C16  C17  C18  C19  C20  C21  C22  C23  C24  C25  C26  C27  C28  C29  C30  C31 93 tiplications, which involve access to numerical facts and calculation procedures such as carrying and borrowing. 11. Perceptive estimation of quantity (1 subtask, C29). subjects have to provide an estimate of weight, length or number of objects shown in a picture.
12. Contextual magnitude judgments (1 subtask, C30). Given a specific and contextual situation, the subject is asked to give an interpretation of numerical size (i.e.: in a class of 9 children: is that number of children too low, average, or too high?).
13. Numerical knowledge (1 subtask, C31). This task consists of questions related to numerical knowledge of specific facts such as the number of days in a week.
Each item of the EC 301 was rated 2 points for a correct response and 0 points for error. however, in a few tasks, 1 point can be awarded (i.e.., if the patient gives the correct response after requesting repetition of the item). All subjects completed the battery.
Statistical analysis
The Chi-square (c 2 ) test was applied (without the yates correction) to compare categorical data. differences among averages of continuous data were tested employing parametric and non-parametric tests. These tests without exception displayed similar results. Therefore, only the results of the parametric tests were demonstrated. The student T test for independent samples and the Mann-whitney (U) test for non-parametric ones were utilized. The spearman coefficient of correlation r was employed to evaluate the relationship among continuous variables. The probability (p) under 0.05 was considered for indicating statistical significance except when a potential problem of multiple comparisons was identified. In this case, we used the Bonferroni correction. All tests were bicaudal. A ninety-five percent confidence interval (CI) was calculated for the differences between averages and odds ratio (or).
results Table 1 , displays the performance of the participants in the subtests of the EC 301 battery, with values obtained between 70.5% and 99.6% of accuracy in the 31 subtests applied. regarding the accomplishment of the participants in the EC 301 battery, when researching gender, we confirmed that there was no statistically significant difference between the performance of males and females (Table 2) . C2  C3  C4  C5  C6  C7  C8  C9  C10  C11  C12  C13  C14  C15  C16  C17  C18  C19  C20  C21  C22  C23  C24  C25  C26  C27  C28  C29  C30 The effect of instruction on performance by the participants in the different subtests of the EC 301 battery was verified by the spearman coefficients as follows: after correction for multiple comparisons. Table 3 , displays that education demonstrated a strong correlation with subtests C 3, C 10, C 14, C 15, C 18, C 22 and C 28.
In Table 4 , the subjects were grouped according to age: subjects with up to 59 years composed the junior group and the senior group consisted of those over this age. The average percentages of the correct answers obtained in the subtests of the EC 301 were based on this age division. The importance of age on performance on the controls of the different tests of the EC301 was verified using the spearman coefficients. After correction for multiple comparisons, we noted that age did not influence the performance of individuals studied in the different subtests.
discussion
The main aim of this study was to contribute to our understanding of the underlying mechanisms of mathematical skills of healthy Brazilian individuals. Among the three demographic factors studied (i.e., age, gender and education) only the latter presented significant effects on the majority of the subtests. The main effects of education and the absence of an age and gender effect are in agreement with the previous report by rosselli 20 . Initially we analyzed the performance of the population studied in each subtest of the EC 301 battery. we noted that the comparison of the average number of correct answers in each specific subtest of the EC 301 battery (Table 1), and the scores found 18 were much lower than those of the European population in all of the battery tests. These results might be attributed to the different educational systems, and linguistic factors, such as the graphic construction of the number, since both in German and in French it is grammatically different from Portuguese, Italian and English. For example, in French the number 83 would be represented by quatre vingts trois, 90 would be quatre vingts dix, whereas in German, the numbers starting from 20, are pronounced backward, 93 becomes 3 and 90, drei-und-neunzig. Table 1 demonstrated that in subtests: C22, C24, C25 and C28, the averages of healthy individuals were under 70. This data displays the broad variety of answers given by the Brazilian participants.
Comparison between genders, (Table 2) , indicated no difference regarding sex in all the subtests of the EC 301 battery. In healthy adults, the difference between genders showed an advantage of males over females when the level of education is less than four years 18, 21 . Never- C1  C2  C3  C4  C5  C6  C7  C8  C9  C10  C11  C12  C13  C14  C15  C16  C17  C18  C19  C20  C21  C22  C23  C24  C25  C26  C27  C28  C29  C30 theless, adults with a higher level of education did not demonstrate any statistically significant difference regarding sex 22 . Therefore, our findings are similar to those described by the authors cited, since there was no difference between genders 17, 20 . we should also consider that the education of 68% of the sample was over six years and the differences between sex are usually noted when the degree of literacy is less than four years.
This study showed that elementary calculation and number processing tasks are strongly dependent on educational level. The effect of education was significant for complex spoken verbal counting, number transcoding involving a written (but not an oral) response; number comparison especially in alphabetical presentation; mental calculation; written subtractions and multiplications (but not additions). subjects in the lowest educational group showed specific difficulties with comparison of numbers presented in the digital code and with placing numbers on an analogue number line when presentation of the numbers to be placed was oral. These results suggest both an expected increasing familiarity with writing numbers and performing calculations and arithmetic operations with educational level and a reduced ability to use analogue scales and compare numbers among subjects with a low educational level. Also, poorly educated subjects, but not all those with higher education, performed perfectly on placing multi-digit numbers in order to carry out an operation. This suggests that the rules of how to organize the numbers spatially on a sheet of paper to perform the four basic arithmetical operations were more scrupulously respected by subjects with low familiarity with written calculations 18 . For the subtests C2, C3, C4, C5, C9, C11, C13, C16, C17 and C31, dellatolas 18 did not find any differences concerning education since the subjects included presented a correct rate of 97% for these tasks. An analysis of multiple regression, achieved in a European study, was conducted for the other 21 subtests from which differences in education were analyzed. This analysis indicated that schooling significantly affected the results of 12 of the 21 subtests of the EC 301 battery evaluated (C1, C10, C12, C14, C15, C19, C20, C21, C22, C27, C28 and C30. The dominant pattern of answers was proportional to the educational level. Nonetheless, the results of the two major educational groups (9 to 12 years and > than 12 years of schooling) were similar. The Brazilian participants in the study, displayed differences in education in only 6 of the 31 subtests proposed (C3, C10, C14, C15, C22 and C28), as shown in Table 3 .
The disparity in education between this study and those 17, 18 , is probably due to the smaller composition of the present sample. Additionally, on comparing the performance of the participants in the two studies, the results of the European participants with education between 3 and 5 years, resulted in a lower effect on the accomplishment of tasks: C1, C10, C15, C22, C24, C27 and C28, with a poorer performance obtained through the total number of points. we believe that this drop was due to the fact that the majority of these tests involved reading and writing, as well as more complex mathematical calculations. This "effect" was not visible in the present study (Figure) , in which we verified that the participants with between one and five years of education maintained the same percentage of correct answers, as did those with 9 and 12 years of education and those with over 12 years of schooling 17 . These results indicate that the low familiarity with writing numbers and the use of representative numerical scales may be compatible with the lower level of instruction. Thus, we can assume that the effect of formal instruction may be a little different, and according to the required qualifications, i.e., in evaluation tests that involve writing or more complex arithmetic calculations 18 . As a matter of fact, we know that normal illiterates display a good performance in free-counting of numbers. Nevertheless, in tests that involve orthographic transcodifications and counting numbers backwards, the performance of illiterate subjects is significantly worse compared to literate ones. despite the similarities of the two studies, we should point out that in Brazil the level of instruction reported by the population is not always true to reality. Many individuals report more than four years of schooling, but act like functional illiterates, that is, they only know how to write their name and a few isolated words. Thus they can compromise comparisons concerning the level of instruction, particularly when compared with developed nations 18, 23, 24 . The hypotheses of the influence of education and social exposition should also be considered. regarding education, we can presume for example, that subjects with four years of schooling may have different levels of knowledge. This is due to educational differences existing in Brazil. The formation of the elementary and middle school instruction differs, especially between public and private education 17 . Additionally, social exposure can affect number processing and calculation, even when the subject has little instruction. similarly, professional activities developed over a life-time, might promote direct contact with calculations and arithmetic rules. This is so in professions that require calculations, in which we can find a lower degree of literacy and an above average performance in calculation tests.
The absence of any significant effect on age in the performance of individuals evaluated by the EC 301 battery, in the group, may be related to the fact that aging does not interfere directly on calculations. Prior studies 3, 25 that investigate the correlation between age and calculation report that age did not display any significant role on calcu-EC 301 calculation and number processing luccia and ortiz lation or in terms of processing speed. These findings coincide with those in the present study as noted in Table  4 , in which no differences were observed between ages of individuals in the group. Nevertheless, changes between young and senior adults were mentioned recently 26 , with the observation that older adults used a smaller strategy repertoire, besides, the data also showed age-related differences in strategy execution and selection.
In addition, we believe that the difference concerning age was not confirmed, since from early on, we are exposed to activities involving number processing and calculation. These procedures are employed frequently over the course of our lives and because of their use they would always be active.
In conclusion, regarding the performance of the Brazilian population evaluated in this study, in all the EC 301 battery of tests, we noted that gender and age were not factors influencing performance. however, regarding schooling, the group demonstrated that number processing is composed of some abilities that appear to be strongly dependent on educational level. we also confirmed that in this study the Brazilian population presented lower scores than those of the European population, in all the EC 301 test battery. 
